At present, the UK is experiencing radiology service delivery difficulties, attested to by the Royal College of Radiologists (RCR) 1 workforce report of rising demand of imaging referrals (an estimated 30% increase in overall workload). Set against an estimated shortfall of reporting capacity of consultant radiologists 2,3 (1,000 consultant radiologist vacancies in 2017, predicted to be 1,600 by 2022 1 ), in real terms, this equates to a large vacancy rate resulting in short term and unsustainable outsourcing of reporting costs (£58 Million in 2014 to £116 million in 2017 1 ). The use of outsourcing also raises quality issues of alternative service provision 4 of poor quality reports, timeliness of reports, and communication difficulties between referrer and reporter. The RCR has warned this risks compromising patient safety in the long term, evidenced by only 3% of NHS trusts meeting national reporting timescales. 1 Nuclear Medicine (NM) has one of the lowest scores for same day reporting of all imaging modalities (36% in 2016-17 1 ), due to in part by workforce shortages (109 consultant radiologists working primarily in NM, 44 have a secondary interest in NM) in 2017. 1 These concerns have been escalated by the NHS Improvements organisation, bringing together a range of NHS teams and authorities to promote quality, service improvement and redesign (QSIR) tools 5 to improve operational performance priorities 6,7 and promote a culture of efficiency of NHS radiology services against increasing patient referrals. [8] [9] [10] [11] This is supported by the Care Quality Commission 7 and NHS England 9 reviews that recommend QSIR projects to promote patient risk reduction policies and team working to improve the quality of clinical systems to support improved patient outcomes.
Diagnostic radiographers 12 are situated at the core of imaging services and are ideally placed to teamwork in partnership with consultant radiologists and promote service efficiencies through a higher level of radiographic practice 13, 14 of post qualification skills and abilities learnt at local NHS trusts and in association with Higher Educational Institutes (HEIs). The Health and Care Professions Council (HCPC) regulating body for radiographers Standards of Proficiency 15 competencies reflects radiographer capabilities that can be applied to local service improvement and development to build imaging capacity provision in light of current demands. HCPC 15 standards of clinical practice underline radiographers capabilities and competencies of image interpretation (human anatomy and disease appearances relevant to their imaging modality 15 ), with the promotion of these skills to assist in formulating plans if further action is required post imaging. The HCPC standards of education and training 16 likewise actively promote the partnership between HEIs and the profession to provide a range of traditional classroom learning and teaching as well as practice educational opportunities to develop these skills. Approval and accreditation of postgraduate opportunities are endorsed by the College of Radiographers (CoR) 17 that not only align to service improvement areas but radiographer career progression. 18 The CoR 19 further emphasise image interpretation skills and abilities of radiographers in clinical practice and promote it's potential to assist in apprising patient data and records to support initial clinical decision making in flagging unexpected findings to improve patient outcomes and service efficiencies. 20, 21 The Faculty of Health & Wellbeing at Canterbury Christ Church University is a major post-registration and continuing professional development health education provider for the south east of England and the national workforce. With pathways reflecting practice needs, and with the university ethos of partnership working with stakeholders in workforce development to design clinical curriculums, learning, teaching and assessments. The MSc Medical Imaging programme (part-time) provides a flexible educational provision in NM. The work-based clinical NM module (accredited 20 credits Level 7) includes a learning contract with clinical mentors for supervised weekly clinical practice sessions, and a clinical consultant radiologist assessor (1:1). The competency-based learning covers imaging and interpretation of bone, lung, renal and thyroid NM scans (including referral criteria, the technological principles of NM imaging equipment, radiopharmaceuticals, and anatomy, physiology, pathology, with consultant radiologist tutorials). The module assessments include a written case study, reflective audit essay, and image interpretation commentaries (60 formative, and 60 summative checked and assessed by consultant radiologists mentor and department clinical supervisors).
Aims
To evaluate the results of radiographers image interpretation commentaries of bone, lung, renal and thyroid NM examinations at the end of the nine month module. The task was not to produce a definitive clinical report, but an image interpretation and as such the postgraduate training reflected this role.
Method
This study received institutional research ethics and governance approval. Each participant provided informed consent to participate and submitted 60 mixed (bone, lung, renal and thyroid) summative image interpretation commentaries for assessment. The range of referral sources included acute and chronic referrals from in and outpatient pathways, GP and accident and emergency. The NM examinations consisted of prospective imaging worklists to reduce prevalence bias, and accurately reflect clinical practice. [22] [23] The radiographers had access to the patient's referral information (gender, age, clinical history, symptoms). [24] [25] [26] [27] The NM image interpretations were completed independently, and prior to the consultant radiologist report, which was likewise blinded to the radiographer's commentary during the reporting of the examinations. 22, 28, 29 Each image interpretation was completed using a NM workstation at time of acquisition to reduce the variables (bias) of image quality compared to web client applications on standard computers. Dedicated NM workstations were the preferred option due to the specific software to support the evaluation and display of high-quality NM data (such as different views, phases, and multi-energy), and allow additional processing and registration of the data where differing voxel size, slice thickness, the field of view and matrix size occurs. This permitted navigation of the image sequences correctly, with a display of native and fused image sequences, multiplanar reformation, adjustable colour and transparency, the definition of regions of interest, and the semi-quantitative analysis of activity through calculating maximum and mean standardised uptake values. 30 Both the radiographers and consultant radiologists used the same NM workstations for data viewing, image commentary (radiographers) and definitive reporting (consultant radiologists).
Each of the radiographers recorded if the case was normal or abnormal and completed a free text commentary. 19, 26 In abnormal judgements, the radiographers provided a written interpretation to identify abnormalities using descriptive terminology including anatomy, location and characteristics. 22, 25 Normal cases incorporated, anatomical variants, abnormal cases included acute trauma, primary and secondary lesions, response to treatment, metabolic conditions, degeneration, infection, abnormal function, and congenital abnormalities ( Table 1) .
The scoring applied a two-step process, first each of the image interpretations were evaluated against the definitive consultant radiologist report (reference standard), and independently by each participant allocated clinical consultant radiologist assessor. Then the image interpretations were reviewed against the corresponding definitive consultant radiologist reports for second marking (internal consistency) at the university by three academic staff members (qualified and experienced NM radiographers at MSc and PhD level) for consensus agreement. 22, 29 If the interpretation was correctly commented on as normal the radiographers were allocated a true negative (TN) whole mark (1.0). If a normal examination was incorrectly assessed as being abnormal, it was assigned a false positive (FP) score. If the radiographer identified an abnormality which was correct a true positive (TP) score would be allocated, or false negative (FN) score if the pathology was missed. Fractionated scoring was applied if multiple pathological conditions or locations (isotope uptake areas) were present, which permitted acknowledgement if some but not all abnormal conditions were recorded in the commentary. An example being an examination containing two equally significant lesions (concentration of tracer uptakes areas), and only one is commented upon by the radiographer. Thus the allocation of the point would be split to reflect 0.5 TP (the first lesion noted) and 0.5 FN (the second lesion missed). If four lesions were present each would be assigned 0.25 points, as described in a previous study. 31 Multiple pathological/physiological condition examples included chronic degenerative bone disease alongside acute primary and/or secondary bone tumours. Statistical analysis calculated sensitivity, specificity and accuracy, with 95% Confidence Intervals (95% CI) 22, 32 using Wilsons method. Inter-observer variation and reliability was observed using Fleiss Kappa (k) for multiple reader agreements (taking into account agreement due to chance), with intraclass correlation coefficient (ICC) for the degree of association and reliability, applying two way random effects and absolute agreement, and Spearman's rank correlation coefficient (RS) for strength and direction of association with standard error (SE).
Results
The study recruited 20 radiographers; demographics included 5 males (age range 26-33; mean 29.6 years), 15 females (age range 24-51; mean 31 years), with a range of NM experience (1-5 years in NM; mean 3.1 years). The clinical sites included 15 NM imaging departments of which 12 were district general hospitals, and 3 were large inner city hospitals. The abnormality prevalence (51.4%, Table 2 ), and the number of cases per examination category are displayed in Table 2 . The NM examinations applied a range of radiopharmaceuticals dependant on department supply and department examination protocol. All intravenously injected and ventilated radiopharmaceuticals for the examinations followed the UK Administration of Radioactive Substances Advisory Committee (ARSAC) guidelines. 33 The radiographer's (R1-R20) individual performance on bone scans image interpretations are displayed in Table 3 , cohort sensitivity and specificity was 93% (95% CI 91.3-95.6) and 88% (95% CI 84.3-90.9) respectively, accuracy at 91.5% (95% CI 88.6-93.7). There was a strong agreement between radiographers with k=0.82, concordance displayed strong reliability at ICC=0.904, with a positive correlation direction RS=0.826 (Table 4 ). Lung scans image interpretation by cohort demonstrated a sensitivity of 92.6% (95% CI 85.7-96.8), specificity was 92.1% (95% CI 88.7-94.1), accuracy 92.3% (95% CI 87.7-95.0) displayed in Table 5 , with similar strength of agreement (reliability) of k=0.83, ICC=0.910, and RS=0.835 (Table 4 ).
Renal scans image interpretation overall cohort sensitivity was 95% (95% CI 91.0-97.3), with 95.2% specificity (95% CI 91.8-97.3), accuracy of 95% (95% CI 91.4-97.3) shown in Table 6 (with individual R1-R20 figures). Further analysis and correlation displayed a high level of agreement k=0.90, ICC=0.948, and RS=0.907 shown in Table 4 . Thyroid scans cohort sensitivity was 88% (95% CI 83.1-91.4, although two radiographer's scores could not be calculated due to low case numbers), with 93% specificity (95% CI 85.9-96.8), accuracy was 90.2% (95% CI 84.3-93.8) displayed in Table 7 . Fleiss's Kappa coefficient results (Table 4 ) produced an inter-observer agreement score of k=0.80 reflecting a good strength of agreement, ICC concordance scored highly with 0.897, and a positive correlation and direction were calculated (RS=0.813).
The prospective natures of the worklist provided an imbalance in the frequency of abnormal scans ( Table 2 ) which is reflected in the results. For example, ventilation and perfusion (V/Q) scans were often requested at short notice due to the urgent nature of Pulmonary Embolism (PE) referrals from the emergency department, as opposed to outpatient renal and thyroid scans. Due to this variation of factors, the data were pooled to display totals by exam category as well as individual results.
Discussion
The task of image interpretation and commentary in NM examinations differs from other diagnostic imaging modalities in that it primarily displays the physiological function of the system being examined as opposed to the structural anatomical characteristics. Moreover, a comparison of image interpretation in NM is difficult due to a lack of published studies. There are however published papers of radiographers providing definitive NM reporting tasks, such as Custis 34 for bone scans (98.5% agreement), lung V/Q scans (98.1% agreement) and renal scans (99.3% agreement). Svasti-Salee et al 35 of a single radiographer reporting lung V/Q scans (77% agreement; k=0.616), and Khonsari and Sulkin 36 establishing two radiographers reporting lung perfusion scans to 93% agreement (k=0.85). As well as the paper by Elliott 37 of a radiographer reporting a mix of radionuclide examinations at 90% accuracy, 91.5% sensitivity, and 89.4% specificity. These studies are inherently different in roles and education (definitive clinical reporting as opposed to image interpretation) so the comparison is not germane to these study results, but acknowledgement of levels of inter and intra-observer error and disagreement in interpretation of NM examinations are not solely found in radiographer studies but are evidenced in studies of medical reporters [38] [39] [40] and acknowledged by professional bodies. 24 The analysis of the results within this study evidenced an ability to not only recognise abnormal uptake of tracer activity in the examinations but to also identify the possible causes, taking into account the clinical history by the referring physician and the distribution of the radioisotope. In TN bone scans commentaries recorded symmetrical characteristics around the midline and where the corresponding structures on the right and left of the body displayed equivalent activity. With areas of greater bone mass, such as the pelvis showed greater activity than thinner areas of bone such as the radius and ulna.
For whole body bone scans requested to identify possible bone metastasis, there can often be a dilemma in decision making between the causes of minor radionuclide hotspot collections that may reflect metabolic or degenerative joint disease as opposed to the presence of malignant spread of secondary bone tumours. There are many reasons for increased uptake of tracer activity on a bone scan ranging from metastases, Paget's disease, trauma, osteoarthritis or infection. A single lesion located in a peri-articular region may be considered likely to be benign, as opposed to being in the pedicle of a spinal vertebra potentially being a malignant metastasis. Further correlation to the clinical history or previous imaging can be helpful if available. Although, identification of minor degenerative changes mentioned by the radiographers was not always noted in the definitive report and raised issues with the perception of the consultant radiologist's view of the insignificance of common arthropathic changes. Particularly noted, were an osteoporotic vertebral collapse, minor changes in the acromioclavicular joints, bilateral shoulder joints, sacroiliac joint degeneration and the medial compartment of the knee. With the uptake of tracer activity not typical for the distribution of bony metastases spread (unlike tracer activity within ribs), often further imaging was requested in the definitive report to rule out benign conditions such as fibrous dysplasia, or rare instances of nonosseous uptake. 41 This being a clear difference in roles between the consultant radiologist definitive report and the role in this study for the radiographer's image interpretation.
In an FP case of an incorrectly stated pubic rami fracture, due to increased activity around the pubic rami, which was in fact from the bladder. A partial FN in the bone scan commentaries involved the recording of Pagets in the pelvis and lumbar spine but missed tracer uptake elsewhere within the skeleton, and a couple of cases where the radiographers identified the main primary hot spots but missed additional minor activity in the knee in multiple tracer uptakes throughout the whole skeleton. Furthermore, it was noted that there was occasional difficulty in describing the precise hotspot on bone scans due to the patient positioning. An example being isotope uptake in the foot and the radiographer's commentary approach of commenting on either the metatarsal or the foot, as patient motion and low count rates may make it difficult to ascertain the exact location in NM whole body bone scans.
The radiographer's ability in V/Q scans commentaries where the task was to rule out or confirm the presence or probability of pulmonary emboli (PE), reflected a good ability in recording the distribution of the tracer activity within the segments of the lungs. It is worth noting the radiographers had access to the view the prior chest radiograph, although mostly these were unreported, it has been evidenced this can assist the image interpretation task as noted by Khonsari and Sulkin. 36 Minor FP errors found in the V/Q scan commentary included missing matched ventilation defects when attempting to locate evidence of PE. The viewing of V/Q scans is often categorised in radiologist reporting as high or low probability, but in difficult examinations agreement between reporters may lead to indeterminate results (cannot exclude a PE) which reflect the subjective nature of image interpretation in this examination type as also noted in a previous study by Custis. 34 The evaluated results of the radiographer's renal image interpretations reflected high accuracy to the reference standard reports. All the TN MAG3 renogram examinations noted the slow passage of the tracer activity through the kidneys, but all commented on full 'washout' promptly following diuretic furosemide injection. When evaluating the kidney function for obstruction, the radiographer commentaries confirmed the renogram curves and renal differential percentages calculated from post-processing of the images. The static DMSA renal scans all scored TN, resulting in high specificity results in the investigation of renal scarring from recurrent urinary tract infections.
Thyroid scans TN cases reflected the uniform distribution of activity; a FP score was returned on a commentary of a cold nodule within a thyroid which was reported by the consultant radiologists as a TN examination. The parathyroid scans demonstrated a high specificity in the clinical referral for the investigation of adenomas, with no mismatch of isotope uptake. Additionally, access to previous ultrasound imaging assisted the radiographer's confirmation of pathology in relation to nodules.
In summary the results suggest radiograhers have a utility in service development through working at a higher level of radiographic practice, this can impact and influence improvements in service provision at a time when the NHS has pressures of workforce shortages and increasing referrral rates. Further work in updating the evidence of NM role development 13, 14, [34] [35] [36] [37] of radiographers supported by professional policy 18, 19, 42 by the radiographic community would be beneficial to the UK healthcare system.
Limitations
Acknowledgement of the pilot study limits (sample of radiographers, prospective cases) provides constraints to a generalisation of the results. Likewise, a paucity of published evidence on radiographer image interpretation in NM narrows comparison of the pilot data.
Conclusion
In this small scale pilot study the aim was to investigate the image interpretation ability of radiographer's enrolled on a postgraduate module assessing bone, lung, renal and thyroid NM examinations in a clinical environment. The results were encouraging and displayed the radiographer's ability to complete the task in a clinical environment on prospective workloads.
Further research is required applying a larger bank of cases to assess ability after a delayed period of clinical experience, and exploration of the clinical utility downstream of applying image interpretation commentaries for fast-tracking urgent NM findings. Table 5 . Lung scan image interpretation results. 
Word count 2994

